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Why p53|Mdm2 ?

P53 regulates activity of hundreds of genes responsible among
others for :

- cell cycle arrest
- DNA repair processes
- apoptosis

In 50% cancer cases p53 is mutated or not present. In remaining
cases genes which are in it's regulatory module are mutated

There is over 50 000 experimental citations and only about 100
theoretical work.



Apoptosis

Programmed cell death Final stage of apoptosis White blood cell
Characteristic cell '
morphology

Safely cell's fragments .

removal

About 50 - 70 billions of _.
cells die every day due to  #repoticcar 2=
apoptosis in average 5 R
adult human



Apoptosis

.......... [ - -I ;":""“"- aﬂcmm:&:urmmm |
& Trripeeatic - s frve | EAS

amino-f-[I-icy +
TRALRS: HGS-TFIS ) b 1-i-pipe / | |
FAS: C75 | EGCG | Carglenin ' o,

215 proteddarme

L Chamikcal sds:
WG~ 115 | MIG-132 |
Laskusystin |




pP53|Mdm2 module
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10 or more feedbacks,
Over 100 components,
Stochastic noises

Kohn and Pommier 2005



Inputs and outputs of the
p53|Mdm2 regulatory unit

Ribosome INTP Spindle
biogenesis depletion damage

Hypoda f Heat or Cold
shock
DNA
damage Nitric Oxide

p53|Mdm2
core unit

Cell Cycle DNA Repair Apoptosis Inhibition of

Arrest Angiogenesis
and Metastasis
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One form of p53
Neglected delays

One stable state and

limit cycle

Zhang 2007
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p53|Mdm2 model

IR



Negative feedback loop

IR



Positive feedback loop

Cytoplasm
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Modeling

Deterministic models based on
ODE - fast but can be used on
population not the single cell level

Stochastic models based on
Gillespie algorithm — can work
on the single cell level but are very
slow

Haseltine and Rawlings
approach — fast (modeled by
using ODE) and slow (modeled
stochastically) reaction

channels — fast and can work on
the single cell level
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Stochasticity in the p53|Mdm2 model

IR dose increases
the probability of
DNA damage
OCCuUrs

Level of the p53pn
protein increases
the probability of
the DNA repair and
Mdm2 and PTEN
gene activation



Equations

%PTEN(t) =t, PTEN,(t) — dy PTEN(3)
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Equations

N2(t
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Stochasticity in model

probability of gene copy activation: PP(t, At) = At X (o + q1 X P53_f,22,p(t))

probability of gene copy deactivation: P, At) = At X ¢»

transcriptional efficiency of p53 q0 + q1 X P53%p(t)

(probability that the gene copy is active if Pa(l) = — I
p53,,,(t)=const): G + qo + q1 X P532(t)

probability that new DSB appears:

) A\
PPAM (¢t At) = At x dpam X R+ At X ag (A( ) )

propability that the number of DSB decreases by one:

At X dppp X P4(f)
N(t) + Nsar X Pa(t)

PP (¢, Aty = N(t)



PTEN off, DNA repair off, dose 5Gy
(oscillations)
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PTEN off, DNA repair off, dose 5Gy

(a; — p53 activation, d, — Mdm2 degradation)
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PTEN on, DNA repair off, doses 5Gy

(a; — p53 activation, d, — Mdm2 degradation)
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PTEN on, DNA repair on

(competition)

[A] Dose 0.5 Gy

[B] Dose § Gy
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PTEN on, DNA on + proapoptotic factors
(competition)
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Cell fate
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Cell fate - PTEN on

3 h after irradiation
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Cell fate — PTEN off
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Parameters

Parameter Description Value Range

ag spontaneous [’53,, phosphorylation rate 1x1074/s (02-5) x 1074
i DEBiindiiced P58, phosphorylation tate 1%1073/s (0.3—3) x 10-2
g PIF activation rate 5x1079/s (1—10) x1075/s
as ART activation rate 2 0%/ (0.4—4) x 1079/s
iy M DM phosphorylation rate 1x1078/s (0.2—-2) x 1078/s
€o PIP, dephosphorylation rate (hy PI'EN) 25x 1079%/s | (1.25 —12.5) x 107 /s
c1 AKT, inactivation rate 2x 107 /s (1.3 —10) x 1074/
ca M DM, dephosphorylation rate 1x1074/s (0.2 -5) x 10~4/s
c3 spontancous P53y, dephosphorylation rate 0 (0—2) x 1074/s
do Mdm? spontaneous deg. rate (all Mdm2 forms) 3x107%/s (0.6 —6) x 1077 /s
dq DSB-induced Mdm?2 deg. rate (all Mdm?2 forms) | 1.5 x 107*/s | (0.75 — 2.25) x 107%/s
dy PTEN degradation rate 5% 1077 /s (1—-10) x107%/s
& spotitansota DSy degedation 16te 1x1074/s | (0.2—5)x 1074/s
dy M DM, -induced P53,, degradation rate 1x 10713 /4 (0.5 —4) x 10713 /5
ds spontaneous PSBPR degradation rate 1x1074/s (0.2—3) x 1074/s
ds M DM p,-induced P53, degradation rate Lix 1079 (0.2 —5) x 107 /s
dr MDA 4 degradation rate 3x1074/s (2 —4.5) x 1074/s
ds PT'EN; degradation rate 3% 1074/s (0.6 —6) x 1074 /s
€0 M DM p,, nuclear export 0 (0—2) x 1074 /s
io M DM, nuclear import 5w 10 4/s (1.6 —25) x 1074/




Parameters

Parameter Description Value Range
2o P53, production rate 2 x 10%/s (04 —6) x 10%/s
g M DM, transcription rate 6 x 1072/s (4—19) x 1072 /s
S1 PTEN, transcription rate 6 x 1072/ (3—30) x 1072/s
to MDAM translation rate Bx1071/s (3-75)x107/s
t1 PTEN translation rate 1x107t/s | (0.5-5)x1071/s
ho Michaelis const. for DSB-induced P53, activation 7 (1.4 — 35)
and for DSB-induced Mdm?2 deg. (all Mdm?2 forms)
o spontaneous activation of Mdm2 and PTEN genes 1x1074/s | (0.2—22) x 1074/s
a1 P53,,,-depended activation of Mdm2 and PTEN genes | 5 x 1038 e | (1 =910 B /s
G2 Mdm2 and PTEN genes inactivation rate 3x1073/s | (1.7—16) x 1072/
NgaT saturation coefticient in DNA repair 50 (10 — 250)
dDAM DNA damage rate 35/Gy
drep DNA repair rate 3x1073/s | (0.6 —15) x 1073 /s
AKT0s total number of Akt molecules (AKT + AKT,) 2 % 10° (0.4 —10) x 105 /s
PIFP,.; total number of PIP molecules (PIP + PIP,) 1% 10° (0.2 —5) x 10%/s
ag max DNA damage rate (induced by the apoptotic factor) 1x 107t /s e
dy apoptotic factors degradation rate 1% 10_4;‘}- - ——
m max synthesis rate of apoptotic factor 1x 10?‘_/ 5 - —
g3 coefficient governing apoptotic factor synthesis 8 X 10_14;’ s - ——

Michaelis const. for apoptotic factor synthesis




